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Monday, February 27, 2012 339afailing hearts from obese and type-2 diabetic patients, suggesting a possible con-
tribution to cardiac dysfunction. Here, we investigate the mechanism of cardiac
amylin accumulation and consequent effects on myocyte structure and function
in rats transgenic for human amylin. In thismodel,we observed that soluble amy-
lin oligomers are released from the pancreas in the blood and accumulate in the
heart. Amylin oligomers attach to the sarcolemma and raises the intracellular
Ca2þ ([Ca2þ]i) leading to myocyte dysfunction. In contrast, rats expressing
same level of wild-type, non-amyloidogenic rat amylin showed normal cardiac
myocyte structure and function. To test whether the rise of [Ca2þ]i is an amylin
oligomer-mediated effect, we measured Ca2þ transients in intact cardiac myo-
cytes incubated with exogenous human/rat amylin. 50 mM of human amylin,
which rapidly forms oligomers, increased substantially the amplitude of cardiac
myocyte Ca2þ transients, while same concentration of rat amylin had no signif-
icant effects. Passive trans-sarcolemmal Ca2þ leak was substantially larger in
myocytes incubated with human amylin vs. control, implying that amylin olig-
omers alter the structural integrity of the sarcolemma and increase sarcolemmal
permeability to Ca2þ. In conclusion, our data show that amylin oligomers circu-
late through the blood, accumulate in the heart, and alter cardiac myocyte func-
tion by disrupting Ca2þ homeostasis. The results suggest that circulating amylin
oligomers should be targeted for pharmacological interventions to prevent heart
dysfunction in patients with obesity and insulin resistance.
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Restoration of the blood flow in the ischemic myocardium can result in a lethal
reperfusion injury. Reactive oxygen species (ROS) that are formed in the pres-
ence of oxygen are believed to play an important role in the post-ischemic injury.
Reperfusion of the myocardium is always accompanied by the reoxygenation.
Therefore the effect of reoxygenation alone is unknown. Here, using oxygen
clamp in on-chip picochambers we exposed single resting cardiomyocytes to
near anoxia (pO2 < 0.1 mm Hg) and subsequently to normoxia. As cardiomyo-
cytes were trapped in picochambers no reperfusion occurred. This allowed us to
study the effects of reoxygenation independent of reperfusion. The mitochon-
drial membrane potential (DJ) was measured in cardiomyocytes simulta-
neously with IKATP, providing a measure for the cytosolic ATP. We show that
the reoxygenation of ischemic cardiomyocytes alone is insufficient to induce
a high ATP turnover rate but that the reperfusion is required for it. Upon reoxy-
genation to normoxia DJ transiently (6.0 5 0.7 s) undershooted the
pre-ischemic level. The post-anoxic undershoot of DJ was associated with
the increased rate of ATP synthesis, indicating that it was not due to substrate
limitation of the F0F1-ATPase. It persisted in cells with stimulated (FCCP; dura-
tion 7 5 1 s) and inhibited (rotenone; 6 5 2 s) respiration. However, in the
presence of antimycin, which is known to promote the formation of ROS, the
post-anoxic undershoot of DJ was prolonged to 285 3 s. ATP synthesis was
also promoted.We propose that the ROS burst after reoxygenation from near an-
oxia by donating electrons to complex IV essentially contributes to a transient
stimulation of respiration and promote the post-anoxic recovery of cellular ATP.
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ATP-sensitive potassium channel (KATP) activation can drastically shorten
action potential duration (APD) in metabolically compromised myocytes.
We showed previously that SUR1 with Kir6.2 forms the functional channel
in mouse atria while Kir6.2 and SUR2A predominate in ventricles. SUR1 is
more sensitive to metabolic stress than SUR2A, raising the possibility that
KATP in atria and ventricles may respond differently to metabolic stress. We
performed optical mapping with voltage-sensitive dyes on Langendorff-
perfused hearts from C57BL wild-type (WT), Kir6.2 deficient (Kir6.2-/-), and
SUR1 deficient (SUR1-/-) mice to examine APD during metabolic inhibition
(MI, 0mM glucoseþ2mM sodium cyanide). In WT hearts, significant shorten-
ing of atrial APD after variable delay occurred before ventricular APD shorten-
ing after a variable delay. Atrial APD shortened by 60.552.7% at 5.551.3 min
(n=6, p<0.01) earlier than comparable ventricular APD shortening
(56.4510.0% shortening 20.33 min after onset of MI). Interestingly, prolonga-
tion (48.655.2%, p<0.01) preceded ventricular APD shortening. In SUR1-/-
hearts (n=6), atrial APD shortening was abolished but ventricular shortening(65.0515.4%, p<0.01) was maintained. Atrioventricular block occurred ear-
lier in WT (3.8551.21 minutes before 50% shortening of ventricular APD)
than in SUR1-/- (1.0853.98 minutes before 50% shortening of ventricular
APD, p=0.15, NS). In Kir6.2-/- hearts, two disparate responses to MI were ob-
served; 3 of 5 hearts displayed slight shortening in the ventricles (2453%,
p<0.05) and atria (39.051.9%, p<0.05) but this shortening occurred later
and to much less extent than in WT (p<0.05). Prolongation of ventricular
APD was observed in the remaining hearts (327% and 489% prolongation).
The results confirm that Kir6.2 contributes to APD shortening in both atria
and ventricle during metabolic stress, and SUR1 is required for atrial APD
shortening. Moreover, the results show the atrial action potential is more sus-
ceptible to MI with SUR1 underlying atrial KATP.
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ATPsensitive potassium (KATP) channels are assembledby four pore-forming in-
ward rectifier subunits (Kir6.1 or Kir6.2), each associated with one sulfonylurea
subunit (SUR1 or SUR2). The differential subunit composition defines distinct
KATP channel properties and tissue-specific function. Although the consensus
has been that cardiacKATP channels are SUR2A-based channels, our recent stud-
ies indicate thatmouse cardiacKATP channels are chamber-specific: SUR1-based
channels in atria vs. SUR2A-based channels in ventricles. To test whether cham-
ber specificity is an universal property of cardiac KATP channels in other species,
whole-cell and inside-out excised patch-clamp techniques were applied to exam-
ine the effects of SUR- specific channel openers (pinacidil acts on SUR2A and
diazoxide on SUR1) on isolated dog and human cardiomyocytes. In dog atria, pi-
nacidil- and diazoxide-induced whole-cell currents were 405 4 pA/pF (n = 14)
and 135 6 pA/pF (n = 11, p<0.05), respectively; while the ventricular currents
were 525 15 pA/pF (n = 7) and 75 4 pA/pF (n = 5, p<0.05), respectively.Also,
diazoxide-induced patch current is only ~10%of pinacidil-induced current in dog
artria and ~16% in ventricles. However, in human atria, pinacidil- and diazoxide-
induced whole-cell currents were 905 15 pA/pF (n = 15) and 785 13 pA/pF
(n = 12, p>0.05), respectively; while the ventricular currents were 117 5
75 pA (n = 3) and 92 (n = 1), respectively. The results indicate that SUR2A-
based channels are predominant in dog heart, while abundant SUR1- and
SUR2A-based channels co-exist in human heart, in both atria and ventricles.
Therefore, there is marked variability between all three species studied, which
should be considered carefully when using either mice or dogs to model the
effects of human channels in either normal or diseased human hearts.
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Background: Cardiacion channel remodeling in type 2 diabetes mellitus
(T2DM) remains far less understood than in type 1 DM (T1DM). Here, we ex-
amined if and how cardiac ion channels were modified by T2DM using
OLETF, a rat model of obese T2DM.
Methods and Results: We isolated left ventricular (LV) cardiomyocytes from
epicardial (EPI) and endocardial (END) regions for whole-cell patch clamp. Ac-
tion potential duration at 50% repolarization (APD50) at 1 Hz was significantly
longer in OLETF than in non-diabetic control (LETO) (EPI; 8.8951.04 vs.
5.2050.75 ms, END; 22.0153.64 vs. 9.8951.74 ms). Resting membrane po-
tential and membrane capacitances were similar among all groups. L-type
Ca2þ current (ICa,L), inward rectifier K
þ current (IK1) were comparable between
OLETF and LETO. On the other hand, in the END but not the EPI cardiomyo-
cytes, transient outward Kþ current (Ito) density at 0.1Hz was significantly de-
creased in OLETF compared to LETO (END; 8.7750.79 vs. 14.5051.31,
pA/pF at þ60mV). In both END and EPI cardiomyocytes, the fast recovering
component from inactivation of Ito was significantly decreased in OLETF com-
pared to LETO. Quantitative RT-PCR analysis of genes encoding Ito subunits
showed that the mRNA levels of Kv4.2 and KChIP2 were significantly reduced
by 71%and 34%, respectively, in the ENDbut not the EPI tissue inOLETF com-
pared to those in LETO. ThemRNA levels of the other Ito subunits were compa-
rable in OLETF and LETO.
